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AMORPHOUS COPOLYMERS OF 

tetrafluoroethylene and hexafluoropropylene 

. Tin P QE TflF tmvf.ntion 

This invention is in the field of fluoropolymers, particularly 
copolymers of tetrafiuoroethylenc and hexafluoropropylene. 

Fluoropolymers. including homopolymers and copolymers 

. i rrv^ collectively TFE polvmers. are well known 
10 oftetrafluoroethylene (TFE). collectively h. . , 

and widely used because of their unusual combination of chemical 
resistance, surface characteristics, dielectric propert.es and 
high-temperature service capabilities. Depending on chem.cal 
composiL. i.e.. the identity and proportion * ~ «" 
, 5 polymer a fiuoropolvmer may be partially crystalline or amorphous 

elastomli . Amorphous dipolymers of TFE and perfluonnated 
alktl vinyl ethers are known to be elastomer* with low ^ ™^ 
temperatures (T e ). usually less than 10«C. desirably less than 0 C. More 
^raZhLsnuo.opoK^ers. having T s at about room temperature or 

20 higher, are desired^ ^ ^ hcxafluoropropylcne ( HFP) 

are known. For example. Bro & Sandt in U.S. Patent 2,946 763 d sclose 
TF^FP copolymers with HFP content reflected * 
ratio, herein called HFP index or HFPI. in the range L USC 

.5 multiplier of 4.5 to convert HFPI to HFP content m wt%. There are 

frete t references in the literature to TFE/HFP copolymers hav.ng HFP 
content of from 6.75 to 27 wt % , apparently fo.lowing the disclosure of the 
°5 ^ I HFP, range and 4.5 multiplier by Bro & Sand, = ^ - 
the field have refined their compositional calibrations of HFPI an now 
30 generally use multipliers in the range of 3.0-3.2 to convert HFPI to HFP 

crvstalline TFE/HFP copolymers having HFPI of 6.4 to about 9. made by 
Ts^ZlZ^^on process. Morgan teaches that a 
35 high concentration of surfactant can impede io.ation o the copolymer 
re in and that surfactant concentration should be less than 0.4 wt /o. 
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preferably less than 0.2 wt%. based on the aqueous medium. Surfactant 
concentrations exemplified were in the preferred range. 

Khan in U.S. Patent 4.381.384 discloses a continuous 
polymerization process for TFE polymers including copolymers 
containing up to 20 mol% of a variety of comonomers. For TFE/HFP 
copolymers, a multiplier of 2.1 was used to convert HFP1 to HFP content 
in mol%. so that the limit of 20 mol% would correspond to an HFP1 of 
9.5. In the examples for TFE/HFP copolymers. HFP content of 5.4 mol% 
(HFPI of 2.57) was the highest level actually achieved. The continuous 
process of Khan in U.S. Patent 4.381.384 suffers from some disavantages. 
includins a verv hieh surfactant concentration that must be used to 
approach stable reactor operation and to enable discharge of the reaction 
mass without coagulation of the polymer in or in passing through the let- 
down valve. This high surfactant concentration can. in turn, make it 
1 5 extremelv difficult to isolate the polymer from the dispersion, and can be 
undesirable in the isolated product. Space-time yield for Khan's low-HFP 
copolvmer was of the order of only 0.1 kg/Lhr. 

Khan discloses that TFE/HFP dipolymers having HFP 
content reflected bv HFPI = 9.5 are partially crystalline, though HFP 
20 incorporation did not approach this level. Morgan discloses that such 
polymers having HFPI = 9 are crystalline, and did not achieve higher 
levels of HFP incorporation. 

Eleuterio in U.S. Patent 3.062.793 describes amorphous 
copolymers. Such copolymers having HFPI values of about 17 and 22 are 
^5 exemplified. Eleuterio also discloses a panially crystalline TFE/HFP 
copolymer having HFPI = 10.5 and 1 5% crystallinity. This level of 
crvstallinity is surprisingly high for the HFPI value, which corresponds to 
HFP content of about 25 mol% as estimated from examples to follow, 
especially after melt pressing of the sample. However. Eleuterio's method 
30 of synthesis, with all of the TFE and HFP monomers present at the start of 
the polymerization reaction, would be expected to produce very non- 
uniform copolymers because HFP is much less reactive than TFE. 

Although it is well-established commercial practice to make 
winter shipments of aqueous dispersions of TFE homopolymers and 
35 copolymers in insulated and/or heated trucks to prevent freeze damage, 
tvpicallv irreversible coagulation, no commercial utilization of a freezing 
processor isolation of TFE polymer resin from its polymerizat.cn 
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medium is known. A freeze drying process, involving sublimauon of the 
water from the frozen coagulate or dispersion, for fibrillatible non-melt 
fabricable TFE polvmer usually supplied as an agglomerate of d.spers.on 
particles (often called fine powder) is disclosed by Ocone in U.S. Patent 
3 692 759 Furuya & Motoo in U.S. Patent 5,8 1 6,43 1 disclose a process 
for preparing a dispersion of raw materials for reaction layers of a gas 
permeable electrode comprising mixing carbon black, 
polytetrafluoroethylene. water and surfactant, freezing this mixture and 

then thawing out the mixture. 

^, MM arv OFTHF INVENTION 

The invention provides a uniform amorphous copolymer 
comprise copolymerized units of tetrafluoroethylene and 
hexafiuoropropylene. having HFP content of up to 29 mol /„. In one 
embodiment of the invention. HFP content is from 20 to 29 mol/.. In 
another embodiment, the copolymer also contains copolymer.zed un.ts of 
a, least one comonomer selected from fiuoroolefin containing 4-8 carbon 
atoms and fluorovinylether. said copolymer containing suff.c.ent 
hexafiuoropropylene and additional comonomer comb.ned to cause the 
copolymer to be amorphous, said copolymer having glass trans.t.on 
20 temperature of at least about 20°C. 

The invention also provides aqueous dispers.ons of sa.d 
amorphous copolymers, and a process for isolating tetrafluoroethylene 
polvmer resin from aqueous polymerization medium. Th.s process 
comprises first freezing the dispersion, thawing the frozen disperse, and 
then removin* the liquid from the polymer solids. In a preferred 
embodiment of this process, the liquid of the thawed frozen d.spers.on .s 
removed immediately from the polymer solids, this prov.d.ng better 
results than if water removal is delayed. In another preferred embod.ment 
of the isolation proces of this invention, thawing of the frozen disperse, 
removal of the liquid from the thawed frozen dispersion, and wash.ng of 
the polvmer solids of the thawed frozen dispersion are carry.ed out 
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25 



30 



35 



simultaneously. 

The invention further provides a coated article comprising a 
substrate coated with a coating, wherein the coating comprises amorphous 
copolymer of tetrafluoroethylene and hexafiuoropropylene hav.ng HFP 
content of up to 29 mol%. 
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In another embodiment of the invention, the uniform 
amorphous copolymer described above is made by the process comprising 
batch polvmerizing the fluoroolefins (tetrafluoroethylene and 
hexafluoropropylene) in an aqueous medium containing surfactant to 
5 produce an aqueous dispersion of the copolymer from these fluoroolefins. 
the surfactant being present in a concentration which is at least 1 .5 times 
the critical micelle concentration of said surfactant. 

It has also been discovered that this polymerization process 
is advantageously applicable to the copolymerization of fluoromonomers 
1 0 to make partially crystalline mclt-fabricable fluoropolymer. and this is 
another embodiment of the present invention. In this embodiment, the 
surfactant concentration can be as little as 1 .2 times the critical micelle 
concentration. Typically, the fluoropolymer will contain repeat units 
derived from tetrafluoroethylene. and the amount of comonomer present 
15 durine the copolymerization will be effective to impart melt-fabricability 
to the fluoropolymer while retaining at least some of the crystallinity 
characteristic of tetrafluoroethylene homopolymer. The freeze/thaw 
polvmer isolation method described above is. of course, applicable for 
isolating the partially crystalline melt-fabricable fluoropolymer resin from 
">0 the aqueous dispersion obtained in this embodiment. 

P PT a n rn nrs c Rlp-nnN of thf INVENTION 
The TFE/HFP copolymers of this invention have up to 
29 mol% of units derived from HFP and are amorphous. By this it is 
meant that the heat effusion calculated from any endotherm detected in a 
25 differential scanning calorimetry (DSC) scan for as-polymerized resin is 
no more than about 3 J/g, preferably no more than about I J/g. Such 
endotherms. if actually present, are diffuse, difficult to detect, and 
calculated heat of fusion at these levels is subject to large relative error. 
Generally, no endotherm is seen in a second DSC heating even if a weak 
30 endotherm is detected for first heating. 

The amorphous TFE/HFP copolymers of this invention can 
contain units derived from one or more additional fluoromonomers 
selected from fluorolefins having 4 to 8 carbon atoms and 
fluorovinylethers. Fluoroolefins having 4-8 carbon atoms include 
35 compounds such as perfluorobutyl ethylene and perfluoroolefins. 

Fluorovinvlethers include the group of perfluoro( vinyl ethers) having the 
formula CF, = CVO(KfO) K R/. wherein k is 0-5. R'f is linear or 
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branched periluoroalkylene of 2 to 6 carbon aioms. and R/ is 
perfluoroalkvl of 1 to 6 carbon atoms, examples of wh.ch are 
perfluoro(alkvl vinyl ether) (PAVE) corresponding to k = 0. Preferred 
PAVE include perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether) 
5 and perfluoro(propyl vinyl ether). Still additional examples of such 
fluoromonomer includes the functional fluorovinylethers. wherein the 
functionality is ester, alcohol, or acid. The ester-ft.nct.onal 
fluorovinvlethers can be carboxylic ester or alcoholic ester. Examples of 
such fluorovinylethers include CF^CFIOCF^CF^-O- 
10 (CF,) n CH,OH as disclosed in U.S. Patent 4.982.009 and the alcoholic 
este"r CF,=CF[OCF,CF(CF 3 )] m -0-(CF 2 V(CH 2 ) p -O.COR as disclosed .n 
US Patent 5 310 838. Additional fluorovinylethers include 
CF,=CF(OCF-,CF(CF 3 )] m O(CF 2 ) n COOH and its carboxylic ester 
CF _ ,=CF[OCF,CF(CF 3 )LO(CF 2 ) n COOR disclosed in U.S. 
15 Pat'ent 4.138.426. In these formulae, m = 0-3. n* 1-4. p" 1-2 and R ,s 
methvl or ethyl. Preferred such fluorovinylethers are 
CF 1 =CFOCF,CF(CF 3 )0(CF 2 ) 2 CH 2 OH and 
CF",=CFOCF",CF(CF 3 )0(CF 2 ) 2 COOH. These fluorovinylethers are 
preferred either because of their availability or their ability to .ncorporate 
20 nationality into the resultant copolymer. Additional fluorovinylethers 
include alkvl fluorovinyl ethers such as disclosed in U.S. Patent 
3 159 609 'The additional comonomer does not prevent the mcorporai.on 
of the high amount of HFP into the comonomer. Typically from 0.1 to 10 
m ol% of additional comonomer may be present, based on totajmonomer 
^5 units in the resultant copolymer. The uses of amorphous TFE/HFP 
copolymer disclosed herein include the possibility of the copolymer 
containing one or more additional comonomers such as described above. 

In one embodiment, a TFE/HFP copolymer of this invention 
that is amorphous as defined above will typically have HFP content of 
30 from 20 to 29 mol%. usually from 22 to 29 mol%. (Statements of 
copolymer composition in terms of comonomer content refer to units 
derived from said comonomer.) When such copolymer is 
is in surprising contrast to Eleuterio's disclosure (U.S. Patent 3.062 793) 
ofa dipolymer having HFP1 = 10.5 and characterized by substantial 
35 crvstallinity. This difference is attributed to the copolymers of the instan 
invention having better uniformity than those of E.euteno. in the sense of 
the distribution of TTE and HFP in the copolymer. From the nature of 
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Eleuterio's process, one would expect polymer formed early in the batch 
to be rich in TFE units (and more crystalline, or more likely to be 
crystalline), and the supply of TFE monomer in the reaction vessel to be 
depleted as the polymerization reaction progressed. Consequently, one 
5 would expect polymer formed late in the batch to be relatively rich in HFP 
units, and sequences of two, three, or more HFP units in significant 
concentration could occur. As shown by Comparative Example B. a 
TFE/HFP copolvmer containing 57 wt% HFP units and made generally by 
Eleuterio's procedure did in fact contain high concentrations of HFP diads 
I o and triads, indicating a lack of uniformity. 

In another embodiment, a TFE/HFP copolymer ot this 
invention that is amorphous as defined above also contains copolymerized 
units of at least one comonomer selected from fluoroolefins containing 4-8 
carbon atoms and fiuorovinylethers. said copolymer containing suff.cent 
15 units of HFP and said comonomer combined to cause the copolymer to be 
amorphous, with HFP and additional comonomer being in such 
proportions that said copolymer has glass transition temperature of at least 
about 20-C. preferablv at least 25'C. most preferably at least 35 C. This 
copolvmer can also have HFP content of 20-29 mol%. but the presence of 
20 additional comonomer enables HFP to be present at less than 20 mol /. 
while still obtaining amorphous copolymer. 

The copolymers of this invention usually have melt v.scosity 
(MV) in the range from I Pa s to 10 x 103 Pa s. Although a high HFP, or 
HFP and other comomer. content is the primary requisite for an 
amorphous TFE/HFP copolymer, it appears that a low MV contributes to 
low heat of fusion. Thus, resins having lower comonomer content benefit 
from having a low MV to eliminate traces of crystalhniiy. 

The amorphous TFE/HFP copolymer of this invention is 
characterized by uniform distribution of HFP units in the copolymer. This 
30 means that most of the HFP units present are isolated, i.e.. have TFE units 
as neighbors, and only a minor pan of the HFP units are present as diads 
(sequences of two HFP units) or triads (sequences of three HFP units) 
The fraction of HFP units in the polymer present as HFP diads and triads 
combined, determined as described below, is generally less than about 
35 10%. preferably less than about 5%.Triads may not be detectable 

indicating a hieh degree of uniformity for copolymers having high HFP 
content. The amorphous TFE/HFP copolymer of this invention can be in 
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the form of a dispersion of small resin panicles in an aqueous medium. 
The dispersion panicles can be unusually small, with average pan,cle s.ze 
tvpicallvin the range 0.01-0.15 urn. usually 0.02-0.1 urn Becauseof.he 
small panicle size and the amorphous nature of the copolymer. d,spers,ons 

5 C an be transparent and very clear. 

The polymers of this invention may be made at least by the 

method known as aqueous dispersion (emulsion) polymerization^ and 
Tqueous dispersion polymerization in the presence of a solvent, but w«h 
special parameter as will be explained hereinafter. 
,n The minimum HFP partial pressure that can be used to make 

the amorphous TFE/HFP copolymer of this invention by the P««m 
semi-batth process is about 500 psig (3.5 MPa) out of 600 pstg (4.2 MPa) 
Z monger pressure. HFP partial pressure is preferably about 525 
(3.7 MPa), most preferably about 550 psig (3.9 MPa) out of 600 „ ; total 
,5 monomer pressure. Higher, or slightly lower, total monomer pressure 
may be used, in which case HFP partial pressure should be adjusted 
proportionately^ ^ ^ ^ ^ ^ ^ 

particle surface area (small particle size) in order to enhance reacuon rate. 

20 wS s suppressed bv the high concentration of HFP relative to TFE. at 
££d J. levels of HFP incorporation in the copolymer. In the process 
of this invention, surfactant concentration of at least 1 .5* the crmca. 
micelle concentfation is used to achieve this objecttve. Preierably, 
Tfacunt concentration is 2.0x. more preferably 2.5* the cnttcal m.celle 

25 concentration. Such concentrations of surfactant have generally 'been 

avo ded in prior an processes. For purposes of this invenuon. the cnttca. 

Xl e concentration is defined as the critical micelle concentrator, as 

Termined at room temperature. The properties of the surfactant-water 

s"em under polymerization conditions are uncertain, but advantageous 

30 results suggest that micelles may exist. 

gg Ford . sc ^ ionof ^ ticalmicc „econcent ra t,on, for example. 

see Kirk-Othmer. Encyclopedia of Chemical Technology, 3rd Ed Vol. 
2^ pages 344-346 (.983). As discussed therein, the cnt.cal nuce le 
concentration is the concentration at which surfactant molecuUs form 
35 aggregates called micelles. This property is charactensttc of each 

Went-solute svs.cn, and may be determined by measurement of vanous 
parties of a solution as a function of surfactant concentrate. For thts 
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work, the critical micelle concentration was taken as the poutt on a plot of 
surface tension vs. concentration in water at which the rate of change of 
surface tension with increasing concentration became very low. Surface 
tension was determined using a Prolabo tensiometer. a W.lhemy plate 
machine. In this technique, a platinum blade is immersed « the l.qutd the 
liq uid is withdrawn, and the force on the blade is measured wuh a tors.on 



15 



wire. 



The required surfactant concentration relative to its critical 
micelle concentration restricts choice of surfactants. For example the 
10 commonly used ammonium perfluorooctanoate (C-8) has a crmca. rmce.le 
colntration of about 0.075 mo./L. and multiples of thts ; value : would be 
unreasonablv high. For practical reasons, the surfactant des.rab y has 
critical micelle concentration of less than about 0.03 mol/L. preferably no 
more than about 0.01 mol/L. Suitable surfactants include ammomum 
perfluorononanoate. which has a critical micelle concentration o about 
0.003 mo./L. and the perfluoroalkyl ethane sulfonic ac.ds and salts thereof 
disclosed in U.S. Patent 4.380.6. 8. Of these, the mixture of C 6 -C 16 
pinuoroalkv, ethane sulfonic acids sold as Zonyl® TB fluorochemtca. 
surfactant (Du Pont Company), which also has a critical rmcelle 
™ concentration of about 0.003 mol/L. is prelerred. 

Temperatures in the range of about 95°-l 15°C. preferably 
9g o-)08°C are suitable for making the amorphous TFE/HFP copolymers 
of this invention bv the semibatch process used. Surfactants used m 
Vision polvmcrization appear to be less effective at temperatures above 
■>5 103°-108°C and there is a tendency to lose dispersion stability. 

initiators commonly employed in emuls.on polymenzanon 
ofTFEcopolvmers are water-soluble free-radical initiators such as 
lmoni u r P ersulfate (APS), potassium persulfate (KPS). or d.succn.c 
acid peroxide. APS and/or KPS is preferred. 

After the reactor is charged with water, surfactant and 
monomers, heated to the chosen temperature, and agitation is started, a 
Tltion of initiator is added at a prescribed rate to inmate PO^— 
His preferred that pressure is allowed to drop as polymenzanon sum, and 
mat no more TFE is added for a prescribed time i.e. a dwell penod 
35 durine which the initiator solution is continuously added. Then. TFE 
addit^n is started and controlled according to the scheme chosen m 
reeulate the polvmerization. An alternative procedure lor thts dwell 
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first pan of the batch. ,,^ at ives for regulating the rate of 

mrc « several £££ ^ £ fim to 

TFE/HFP copolymer^. It » cmw desire(j ^ 

5 pxecharge all HFP monomer and then to «£J and 

Lsure. Additional TFE is ^f**^^ TFE may be added 
feaction KckofT to maintain the pessary to increase or 

at a constant rate, with aguator sp ed chang ^ 
decrease actual polymenzation rate and tn ^ ^ 

l0 pressure. 

be held constant with TFE addeo 0 , ymC rization in stages 

pressure. A third alternate - » ^ TFE feed rates. 

witn variable - J^^t m0 st homogeneous product and are 
The latter two alternatives P iu 

1 5 preferred. . . re active than the TFE 

xv,- vrFP monomer is mucn les* 

The r monu assure a high 

, . ijpp/tFE rat o must be kepi nigi. w 

incorporation of HFP- The p monom ers throughout the 

conditions also requires a constant ° cr thal is 

20 polymerization in " 
consistent throughout roaQ hpp distribution. Since the 

units. Failuretodoso W .Ure«dt«™a imenance of a constant 

TFE is much more reactive than HFP. care 

additional comonomer mto the into the copolymer. 

comonomer and the amount o be inc0 J describe d above. 

The batch Cta»^££ «—l ^ 
,e.. using a surfactant co " CCn ^ ou ^ po v mers of this invention can 
concentration, to make the amorphous ^ rfc . S uch 

^^^^^^^^^ ^ 
other fiuoropolymers are partly ^ of morc tha n 3 J/g. 
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50 x 10 3 Pa s. preferably 0.5-10 x 10 3 Pa s. Such fluoropolymers are 
copolymers of at least two fluoromonomers. including those disclosed 
above. Of particular interest are copolymers of TFE with at least one 
other fluoromonomer selected from fluorooiefins containing 3-8 carbon 
5 atoms, fluorovinylethers. and functional fluorovinylethers. HFP is a 
preferred fluoroolcfin. Preferred fluorovinylethers include PAVE. 
Perfluoro(methyl vinyl ether), perfluoro( ethyl vinyl ether), and 
perfluoro(propyl vinyl ether) are preferred PAVE. For TFE copolymers, 
the amount of other fluoromonomer is usually sufficient to reduce the 

1 0 melting temperature of the compolymer significantly below the melting 
temperature of TFE homopolymer. but not enough to reduce the heat of 
fusion below 3 J/g. For making such fluoropolymers. the surfactant 
concentration can be at least 1.2x. preferably at least 1.5x. the critical 
micelle concentration. Utilizing a surfactant concentration above the 

15 critical micelle concentration in the process of this invention leads to 
improved results, for example, enhanced incorporation of less reactive 
comonomer or enhanced reaction rate at constant copolymer composition, 
or both. 

While concentrations of surfactant exceeding the critical 

20 micelle concentration produce desirable and unexpected results in 

polymerization, they raise concerns about isolation of the polymer from 
potentially very stable raw dispersion, i.e.. the product of polymerization 
in the polymerization liquor, and about high residual concentrations of 
surfactant on the isolated polymer. One aspect of this invention also 

25 addresses these problems. 

Traditional techniques known in the art (see U.S. Patent 
5.266.639. for example) for isolating polymer from the dispersion 
polymerization medium sometimes achieve incomplete recovery of 
polymer solids from the medium of this invention. This is probably due to 

30 a combination of stabilizing effect of the surfactant in its high 

concentration and the small particle size characteristic of the product 
produced by the process. However, it has been discovered that essentially 
complete recovery of polymer solids from raw dispersion can be achieved 
by an isolation procedure comprising freezing of the dispersion, 

35 subsequent thawing of the frozen dispersion, and then separation of the 
polymer solids from the thawed frozen dispersion. It has also been 
discovered that the time between thawing and the removal of the liquid 

10 
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boning of .he sur.ac.an. beo»eeo ^ „ y ^ Uqui(i 

L>vered solids. *• » mW " —v.! dec^es. 

increasing « rh. rime iq l „ r removal of .he mawed 

5 Tha, is, immediare «m<r».l of *« ^ ion . causK more 

„,„« simuUaneously «»» *J£ iess » remain vri* ft. 

polvmet solids. The freeze ' ,™,|icable lo isolation of 

Ivenuon. This .spec of .he -^^Em-—*-- 
,„ numopolymer solids ^ J^ES- »'*• — » 

torn procasaes producmg polymm ■» „ icolar ,v 

amorphous TOW "J*— deluding ho.nopo.yn- and 

valuable for non-f.bnll...ble ^J**"^,^ process. The 
copolymers, produced * <£J^*L can he aupp.cnrcn.ed wi.h 
15 fteeze-.hav- isolauon memod of dus* ^ „ As 

various procedures for ^^.^us .o ,h»». remove 

vrill be shovm by an example h='°^ simllUiUKO „ s rhavring of .he 
, he o,awed liquid, and ^ towtd ftMe „ 

frozen dispersion. removal of Ok ^ ^ ^ 

» *^-^ ronUoo.^^^^^' 0 " 

dispersion »s a prcicncw . 

process of this invention. inV eniion for isolating 

P The freeze/thaw process of this ^ 

iluoropolymer resin dispersion from aqueou ^ ^ ^ ^ 

25 advantages over prior art proces* ^ ^ ^ ^ flQW of resin 

folio*, apparent density of one ^ used in po Wmerization can 

agglomerates can be d moocs of carrymg 

b ; m ore effectively separated from he ^ ^ 

out the process enhance separano ^ ^ ^ 

, n m carrying out the freeze/m J of operating details. 

Lraps ■« sip.if.can. are — o^ ^ - ^ „ „ 
While me freezing s.ep ofm. pr«es ^ « qoire . 

fuzing of . drum ,„ freeze a body of dispersion. 
35 alongume. To minumze U« « me « ^ f dispOTi0 „ ,o be 
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small. c.e.. no more than about 3 mm. Thus, for example, the body can be 
a relative* thin flat film or sheet, or can have a relatively thin-walled 
cvlindrical shape. Bodies of frozen dispersion having at least one small 
dimension also have the advantage of permitting rapid thawing, for the 
5 same heat transfer reasons. Many process designs can prov.de the 

advantageous condition of a body of dispersion having at least one small 
dimension. For example, a thin layer of aqueous dispersion can be placed 
in a flat trav for freezing, or chilled paddles can be dipped into aqueous 
dispersion until a layer of frozen dispersion forms on the paddle surfaces. 
10 or a chilled roll can be partially immersed in a reservoir of aqueous 

dispersion with the roll axis parallel to the surface of the dispersion and 
rotated at such speed to pick up a layer of frozen dispersion to be removed 
during the part of a revolution of the roll when the frozen dispersion ,s out 
of the reservoir, and the like. 

The amorphous TFE/HFP copolymers of this invention can 
be used in manv ways. Being amorphous, the resins and fabricated 
articles thereof are transparent and substantially free from haze, and can 
be particular* useful in applications for which optica. Canty ,s important, 
in powder or pellet form, the copolymer resins can be used ,n any of the 
processes such as extrusion, molding, or pressing by which thermoplast.es 
are conventionally fabricated into flnished articles, providing the 
properties of the copolymer are suitable for the intended use. Such 
articles include film, tubing, hose, wire insulation, foamed structures 
include wire insulation, coatings on wire for mechanical uses, injection- 
molded items, blow-molded articles, bottles, containers, protective linings, 
laminates and other composite structures, and the like. The unique 
!Za. characteristics make the amorphous TFE/HFP copolymers of thts 
invention suitable for uses not accessible to prior-art perfluoroplast.es 
because properties were inappropriate or because required P^n, 
temperatures were too high. For example, a TFE/HFP copolymer of th.s 
invention can be used as a melt adhesive at low temperature. High , 
processing temperatures of prior-art perfluoroplast.es disqua ified hem 
for use in conjunction with many other materials which could not tolerate 
exposure to those temperatures. 

The amorphous TFE/HFP copolymers of this invention can 
be used in dispersion form. The as-polymerized (raw) dispersion may be 
used as discharged from the reactor if it has adequate stability and/or 
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ways. These results include any of the results for which polymer 
dispersions and solutions are used, such as coating, encapsulation, and 
impregnation. The TFE/HFP copolymer dispersions and solutions of the 
invention can be employed in any of the methods by which such systems 
5 are known to be used, including dipping, painting, and spraying. 

Normally, the dispersion or solution is deposited in place in the wet state, 
the deposit is dried, and the dried resin is fused or consolidated thermally. 

The TFE/HFP copolymer dispersions and solutions of this 
invention can be used to make coatings on a broad range of substrate 
1 0 materials, including metal, semiconductor, glass, ceramics, refractory 
materials, dielectric materials, carbon or graphite, and natural and 
synthetic polvmers. The substrates can be in a broad range of physical 
forms, including film or paper, foil, sheet, slab, coupon, wafer, wire, liber, 
filament, cylinder, sphere, and other geometrical shapes, as well as in a 
1 5 virtually unlimited number of irregular shapes. Coatings can be applied 
by methods known in the art. including dipping, spraying, and painting. 
For plane substrates of suitable dimensions, spin coating can be employed. 
Porous substrates, including those made from fluoropolymer such as 
polytetrafluoroethylene. can also be coaled or impregnated. These 
20 include, for example, screens, foams, microporous membranes, and woven 
and non-woven fabrics. In making such coatings, the water or solvent can 
be driven off by heat leaving a dry TFE/HFP copolymer coating. 

Coatings of the amorphous TFE/HFP copolymers of this 
invention can be a sole coating on a substrate, or a component of a 
25 multilaver coating. For example, a TFE/HFP copolymer coating of this 
invention can be used as a first or primer, intermediate, or final coating in 
a multilaver fluoropolymer coating system. The coatings of this invention 
include coatings resulting from several successive applications of 
dispersion or solution to increase coating thickness to desired levels. 
30 Coatings of this invention can consist of the amorphous 

TFE/HFP copolymers of this invention alone, or of the TFE/HFP 
copolymers admixed with minor amounts of other materials either soluble 
in waier or the solvent or dispersed in the coating dispersion or solution. 
A minor amount can be up to about 10 wt% based on the combined weight 
35 of TFE/HFP copolymer and additive. 

Specific coated articles are within the scope of this 

invention. 
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■ Coated articles include polymer extrusion dies and molds for 
rubber and plastic parts, such as o-rings. bottle caps, golf balls, golf ball 
£EL golf baU cover half sheUs. and the like. The TFE/HFP copolymers 
of this invention, both as-polymerized and after fluorine ueatment can be 
5 used in coatings. In the case of dies used for extrusion of polyolefins, .t,s 
preferred that coatings be made from as-polymerized resm because such 
coatintt are more durable. Both interior and exterior surfaces of extruston 
dies may be coated to. respectively, facilitate extrusion and alleviate d,e 

buildup. , 

Coated articles include gasoline engine carburetor parts. 

internal parts of internal combustion engines such as valves and piston 
skirts: razor blades: metal containers such as cans, pans, trays, vessels^ 
the like: metal sheets and foils: continuous metal belts; metal rods, tubes, 
bars, profiles, and the like: bolts, nuts, screws, and other tasteners. 

Coated articles include an article bearing a machine- 
readable marking on at least one surface, especially but not limited to a tag 
that can be attached to another object to provide informat.on about 
inventorv identification, contents, ownership, hazards, operaung 
conditions, or maintenance requirements, for example. 

Coated articles include wire forielectrical and mechan.cal 
service. In either case, the metal wire may be solid or stranded. W,res tor 
mechanical service include catheter guide wire and the actuatmg w.re ot 

push-pull cable. , 

Coated articles include rubber o-nngs. seals, beading. 

">5 easketine. and the like. . 

' Coated articles include paper and textile matenals. .ncludmg 
woven fabric including glass fabric, non-woven fabric, felts, and the life 
fibers including foments, yams. e.g. staple and contmuous filament, and 

strands. , , i-i 

Coated articles include foams, membranes, and the l.ke. 
Coated articles include optical fibers in which the substrate 

is a class or plastic fiber. , 

Coated articles include optical elements, wherem the coating 
functions as an anti-refiective coating to reduce or eliminate reflects. 
Such elements include viewing screens, windows, television screens or 
faces, computer monitor faces, and the like. 
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Coaled articles include semiconductors, semiconductor 
devices, magnetic storage media including disks, photoconductors. 
electronic devices, electronic assemblies, and the like, wherein the coating 
may be very thin. 

5 A coating ol'a composition comprising the amorphous 

TFE/HFP copolymer of this invention can be used as a melt adhesive to 
bond two articles together. The coating may be applied to a substrate 
from dispersion or solution, or from thin film of the TFE/HFP copolymer 
to make a laminate, which is essentially a coated article. Two articles, at 
10 least one of which is a coated article comprising a substrate coated with 
the composition are brought together into conforming contact such that 
one of the contacting surfaces is the coated substance. These two articles 
may in fact be a single article with two surfaces that are brought together, 
and more than two articles may be involved in the bonding, i.e.. the 
1 5 bonding method of this invention is not limited to the bonding of two 

articles. After the two articles are brought together and are in conforming 
contact with one another, at least the region of this contact is heated above 
the glass transitiontemperature of the copolymer, preferably to a 
temperature of at least 100°C if the substrate can tolerate such 
->Q temperature. This heating can be begun prior to the articles being brought 
together. Pre-heating of the coated article or articles can be advantageous 
if the coating is applied from a hot solution of a high concentration of 
copolvmer in highlv fluorinated solvent to avoid gel formation. With the 
articles in conforming contact, pressure is supplied to assure intimacy of 
^5 corftact for a time sufficient to effect the bond. This pressure can be an 
external force or can arise from the weight of the articles. The bonded 
articles ordinarilv will be subsequently cooled to ambient temperature. 

The amorphous TFE/HFP copolymers of this invention can 
be used as processing aids for polymeric resins that are not 
30 fluoropolymers. for example, as is well known in the art. as coatings on 
melt contact surfaces or incorporated in low concentrations into said 
resins Typical concentration when used as an incorporated processing aid 
is in the range 25-5000 ppm. When the TFE/HFP copolymer of this 
invention is used as a processing aid in a polyolefin for film applications, 
35 the polvolefin eenerally will have a melt index (ASTM D-1238) of 5.0 or 
less at 190°C. preferably 2.0 or less. For high-shear melt processing such 
as fiber extrusion or injection molding, even high-melt-index resins, lor 
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u ■ nmelt index of 20 or more, may suffer processing 

5 ^^^^ ^ f0 "° win,: 

atoms. In particular mis low-density type 

poivcthylene. both * * polypropy lene; polybutene-1; 
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„„nn25-0 051 mm rhick films pressed at 300 C. tor 
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» expressed as an, dex ^ „ > d by 
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glass transition temperature (T g ). samples were cooled to 0°C before 

healing was started. 

Average size of polymer panicles as polymerized, i.e.. raw 
dispersion particle size (RDPS). was measured by photon correlation 
5 spectroscopy. 

HFP distribution in TFE/HFP copolymer was measured by 
I'F NMR using a Broker AC 250 NMR unit operating at 235 MHz. 
Polymer samples as 3-5% (wt/vol) solutions in hexafluorobenzene were 
loaded in 5-mm NMR tubes and heated to 80°C in a narrow bore probe. 

10 Signals due to the tertiary fluorine of HFP units appear at -1 83.5 ppm for 
isolated HFP units, at -179.5 ppm for HFP units present as head-to-tail 
diads. and at -177 ppm for HFP units present as head-to-tail triads. It is 
uncertain whether or not the integration for the HFP triads at - 1 77 ppm 
also includes oligomeric blocks larger than triads. The fractions of HFP 

1 5 units present as triads and diads were determined as the ratios. 

respectively, of the areas of the l9 F NMR signals at -177 and -179.5 ppm 
to the total of the areas of the signals at -177. -179.5 and -183.5 ppm. 
The detection limit for triads is less than 1% of HFP units in the 
copolymer. 

20 In the following, unless otherwise stated, staled solution 

concentrations are based on combined weight of solvent water and of 
solute(s). Stated concentrations of polymer solids in dispersions are based 
on combined weights of solids and aqueous medium, and were determined 
gravimetrically. i.e.. by weighing dispersion, drying, and weighing dried 

25 solids, or by an established correlation of dispersion specific gravity with 
the gravimetric method. 

Example 1 

A cylindrical, horizontally disposed, water-jacketed, paddle- 
stirred, stainless steel reactor having a length to diameter ratio of about 1.5 

30 and a water capacity of 79 parts by weight was charged with 52.5 pans of 
demineralized water. The reactor was heated to 65°C. evacuated, purged 
with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in a solution of 0.214 pan of ZONYL® TBS surfactant in 
water ( 1 .7 parts). The solution was rinsed into the reactor with another 

35 0.88 part of water. The reactor was then sealed, agitation was begun at 
40 rpm. and the reactor temperature was raised to 1 03°C. After the 
temperature had become steady at 103°C. HFP was added slowly to the 
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reactor until the pressure was 425 psig (3.0 MPa). Then TFE -as added 
to the reactor to achieve a final pressure of 625 psig (4.4 MPa). Then 0.66 
part of a freshly prepared aqueous initiator solution contammg 0.6 wt /• of 
ammonium persulfate (APS) and 0.7 vn% of potassium persulfate (KPS) 
5 was pumped into the reactor at 0.055 part/minute. The agitator speed was 
reduced to 38 rpm and held constant for the remainder of the batch. 
Thereafter, the same initiator solution was pumped into the reactor at 
0 026 part/minute for the remainder of the polymerization. After 
polvmerization had begun as indicated by a 10 psig (0.07 MPa) drop .n 
10 reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 625 psig until a total of 182 parts of TFE had been 
added to the reactor after kickoff (87 minutes). The TFE feed was then 
stopped and the reactor was cooled with the initiator feed continuing and 
the aeitator still running. When the temperature of the reactor contents 
15 reached 90»C. initiator pumping and agitation were stopped and tne 
reactor was vented. After venting to nearly atmospheric pressure, the 
reactor was pursed with nitrogen to remove residual monomer. The 
dispersion, which was bluish and translucent, was then discharged from 
the reactor and saved. Solids content was 3 1.5 wt% and RDPS was 0.029 
.0 Mm. Then. 2.0 parts of the dispersion were blended with 1 .5 parts of 
demineralized water and 0.01 part of concentrated nitric ac.d and 
coagulated bv vigorous stirring. The wet polymer which resulted from the 
coagulation was compressed to remove a portion of the water and then 
dried in a circulating air oven at 150"C. The TFE/HFP copolymer resin 
25 had an MV of 3.7 x 1Q3 Pa-s. an HFPl of 4.45. and an apparent density ot 
400 g/L. The resin was partially-crystalline as indicated by a T m of 244 C 
and a heat of fusion of 21.4 J/g. Copolymer resin isolated from a separate 
portion of the dispersion by freezing and thawing had apparent density of 
630 g/L. was free-flowing, and was noticably less dusty than the sample 
30 isolated by chemical and mechanical coagulation. The P olymenzat,on 
rate, expressed as parts of polymer produced per reactor volume (parts) 
per hour, was 022. 

CnmpnrniiYf F,™ m P le A 
A polymerization was carried ou. similarily to Example I 
35 except that the initial water charge was 50.2 parts, the surfactant was 0^06 
pan of ammonium perfluorocaprylate (C-8) and was precharge with the 
water the HFP addition was made to a pressure of 450 psig (3.2 MPa) and 
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the agitator speed was turned on at 42 rpm after precharging water and 
surfactant and then reduced to 40 rpm after the first initiator addition. The 
product dispersion was milky and opaque, and RDPS was 0.216 urn. 
Isolation of the resin from the dispersion was carried out identically to the 
Example 1 dispersion except that only 0.07 part of nitric acid was added. 
The product resin had an MV of 7.4 x 1(P Pa s. an HFPI of 4.13. a T m of 
254°C with heat of fusion of 24.8 J/g, and an apparent density of 360 g/L. 
Copolymer resin isolated from a separate portion of the dispersion by 
freezing and thawing had apparent density of 600 g/L. was free-flowing, 
and was noticably less dusty than the sample isolated by 
chemical/mechanical coagulation.. The polymerization rate was 0.10 
part/part-volume/hour, less than half that of Example 1. 

F.xamplt 2 

A reactor similar to that described in Example 1 but with a 

15 water capacity of 8.2 parts by weight was charged with 4.44 parts of 
demoralized water. The reactor was heated to 65'C. evacuated and 
purged with TFE. and then left with a partial vacuum. The vacuum in the 
reactor was then used to draw in a solution of 0.044 part of Surflon® Sill 
(ammonium perfluorononanoate. Asahi Glass) dissolved in 0.26 part of 

?0 demineralized water. The solution was rinsed into the reactor with 

another 0.088 part of demineralized water. The reactor was then sealed, 
agitation was beeun at 82 rpm and the temperature was raised to 95°C. 
After the temperature had become steady at 95°C. the reactor was 
pressurized to 510 psig (3.6 MPa) with HFP. The temperature was then 

^5 raised to 103"C. The pressure was then 558 psig (3.9 MPa) after the 

temperature had become steady. The reactor pressure was then increased 
to 625 psig (4.4 MPa) bv the addition of TFE. Then 0.066 part of a 
freshly prepared aqueous solution containing 2.5 wt% APS was pumped 
into the reactor at 0.01 1 part/minute. Thereafter, the same .n.t.ator 

30 solution was pumped to the reactor at 0.002 part/minute for the remamder 
of the polymerization. No additional TFE was added for 20 mm after 
pressureup to 625 psig. During that t.me. the reactor pressure dropped to 
594 psig (4.2 MPa) indicating that polymerization had begun. The 
pressure was then brought back to 625 psig and maintained at that level 
35 for the remainder of the polymerization by the addition of TFE. The 
agitator speed was held constant at 82 rpm. After 1 .4 parts of TFE had 
been added after the initial pressureup (2 13 min). the TFE feed was 
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stopped and full cooling was applied to the reactor. When the temperature 
of the reactor contents had dropped to 90°C. the agitator was turned off 
and the reactor was vented. When the pressure had dropped to 1-2 psig 
(0.1 1-0.12 MPa). evacuation and initiator addition were stopped and 

5 nitrogen was added to the reactor to give a slow pressure rise. When the 
pressure reached 5 psig (0.14 MPa). the vacuum port was opened for one 
minute while maintaining the nitrogen purge. The dispersion, which was 
water-clear and quite stable, was then discharged from the reactor and 
saved. Solids content was 29.9 wt% and RDPS was 0.071 nm. 

1 o Approximately 800 g of the product dispersion was poured 

into a plastic bottle and then placed in a freezer at -20°C for three days. 
The bottle of dispersion was then thawed out in a bucket of warm water 
and the polymer phase which had separated was collected on a filter. The 
filtrate was found to contain 0.56% solids which consisted of polymer. 

1 5 residual surfactant, and initiator salts. The polymer was washed three 
times with demineralized water and then a portion of that polymer was 
washed three times with isopropanol (IPA). Both samples were then dried 
in a 55°C vacuum oven under reduced pressure with a nitrogen purge for 
two days. The melt viscosities of both samples were found to be 90 Pa s. 

20 and HFPI was 1 0. 1 for the IPA-washed sample. DSC analysis showed a 
glass transition at about 45°C and a broad, weak endotherm at about 88°C, 
with a heat of fusion of 1 .0 J/g. NMR analysis indicated HFP content was 
23.3 mol% and that 2.0% of HFP units in the copolymer were in diads. 

No triads were detected. 

25 Ftample 3 

The polymerization procedure described for Example 2 was 
followed with the following differences: I) The initial water charge was 
4.63 parts. 2) The surfactant employed was 0.021 part of Zonyl® TBS in 
0.166 pan of demineralized water. 3) Also added with the surfactant was 

30 0.0033 part of chloroform as a chain-transfer-agent. 4) The pressure in the 
reactor after HFP addition and raising of the temperature to 103°C was 
552 psig (3.9 MPa). 5) The pressure after TFE addition and that 
maintained during polymerization was 600 psig (4.2 MPa). 6) Agitation 
was at 90 rpm. 7) The first initiator addition was 0.066 part of a 2.5 wt% 

35 APS aqueous solution pumped at 0.0 1 1 part/min. 8) Subsequent initiator 
ddition was the same solution pumped at 0.0022 part/min. And 9) the 
amount of TFE added after initial pressureup was 0.51 part. The reaction 
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lime after resumption of TFE feed was 345 min. The product dispersion 
contained 14.4 wt% solids and was water clear. RDPS was 0.096 um. 
The freeze/thaw isolation procedure described for Example 2 was 
employed with this dispersion. The TFE/HFP copolymer resin melt 
5 viscosity was less than 10 Pas and the HFPI was 1 1.2. DSC analysis 
showed a glass transition near 45°C, but no indication of a melting 
endotherm. NMR analysis indicated that HFP content was 27.2 mol% and 
that 2.4% of HFP units in the copolymer were in diads. No triads were 
detected. 

, 0 f nmparativ Fiamnle B 

An 85 mL autoclave was loaded with 60 mL of 
perfluorodimethylcyclobutane and 0.25 g of cobalt trifluoride. The 
autoclave was sealed, chilled, and evacuated. HFP was used to sweep in 
4.25 g of TFE. Enough HFP (about 30 g) was added to bring the pressure 

15 of the autoclave to 93 MPa at 23°C. The autoclave was heated to 1 99°C 
and 296 MPa. and additional HFP was added to increase pressure by 6.9 
MPa to match Eleuterio's condition of 303 MPa (U.S. Patent 3.062.793). 
The autoclave was held at about 200°C for 4 hr and then cooled and 
vented. The resulting polymer solution was filtered to get rid of pink 

20 residues (presumably containing insoluble cobalt compounds), stripped to 
heavy oil on a rotary evaporator, and then blown down to 0.94 g of solid 
using a stream of nitrogen. This solid had an inherent viscosity of 0.207 
in perfluoro(2-butyl tetrahydrofuran) (Fluorinert® FC-75, 3M Company), 
closelv matching Eleuterio's Example II. NMR analysis showed that the 

25 TFE/HFP copolymer contained 57 wt% HFP, and that of total HFP units 
46% were present as isolated units, 27% in diads. and 27% in triads. 

F-^ample 4 

The reactor described in Example 1 was charged with 49 
parts of demineralized water and 0.022 part of ammonium 

30 perfluorocaprylate (C-8) dissolved in 0.088 part demineralized water. The 
reactor was pressure tested at 380 psig (2.7 MPa) and 90 e C while 
agitating at 46 rpm. It was then cooled to reduce the temperature of its 
contents below 30 e C. The reactor was then evaucated and purged three 
times with TFE monomer, leaving a reduced pressure on the reactor after- 

35 the final evacuation. A valve was then opened to slowly release ethane 
into the reactor until the pressure was raised by 20 inches of mercury 
(0.067 MPa). The valve was then closed and the reactor temperature was 
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ais edto90-C Wi ththe aeitator running at 46 rpm. After the temperature 
raised to vu \\ u» - pressure of 380 
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Another portion of the dispersion was frozen, and the frozen 
dispersion was broken up into fine particles which were mixed I well. 
Portions of the finely divided frozen disperse were placed on two 
d Znt filters at a bed depth of about 0.625 inch (1.6 cm One pornon 
5 ^awedasabove. TtoW^*^^*^ 

edforC-Sresidue. C-8 residue was 782 ppm b.eo„ the we.ght 
of PT FE resin. The second portion was thawed and wash* 
simultaneously, with three warm water washmgs. The PTFE res,n so 
obu"ned was dried as above and was analyzed to have only 376 ppm of 
cTr^rlwing the benefit of simultaneous thawing, washmg and 
removal of liquid from thawed frozen dtfpers.on. 

Ea ample 5 

An aqueous dispersion of an amorphous TFE/HFP 
copolymer was produced by a method similar to that described m 
pTnmole3 except that half as much chlorotorm was used. HFP1 ot 
Zlsin- 10,.MV was ^^^^^ 
cZd bv DSC The raw dispersion was water clear, contamed 1 3 wt A 
Ids had ^0.03 JL and surface tension of 69.2 dyne/cm as 
^Ce ring method using a du Nouy ^ 
disoersion would not wet glass and a vanety of metal surfaces 

' The surface tension of the raw dispersion was reduced to 

24 , dynCcm by adding 1 0 g of 

Company) to 90 g of dtspersto. Zony FSN s ^ ^ 

nonionic surfactant in isopropanol. The lower 
loersion to wet glass and various metal substrates read,ly. 
d lSP ers,on wet g^ ^ ^ fr(jm ^ ^ 

30 raw dispersion, as shown in the following table: 



Raw dispersion (g) 

Water (g) 
Zonyl®FSN(g) 
Solids content (wt%) 
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to, exam* * f " m f0 T us c r^FP 

lesion ,o g Uss a*d m«a. 
5 6 were used 10 coat glass ano ^ M 

„ llTO onic ^ J ^ „as M* off. ami the 
dipped into .ha d.spers,ons. Excess «*? ^ bras5 

coupons were ^^wl««ceT and chrome s,.C. 
10 a— .su,^ ^^ sroTOthm(lclrar CMlijlga d„esionto 

ex.mi«d. No remove! of copolymer ^^.J for , hr . 
Tbe coupons with scored coauogs were plac ^« - ,„ 

room temperature. Adhesive : up ^ fl , m r , om dre 

* coatings and men remove ^omnto va. of ^ ^ ^ ^ ^ 
coupons occurred. Thus, the coaiing* watcr 
and metal coupons and resisted the act.on of bo.hng water. 

Ft. ample J 

This example illustrates the adhesion of amorphous 
25 TPEWP cop* mTlgs to poKmeric — • — ° f 

poivmethvimemac^atepo^^ 

nrbbe, vulcanize, polvchlo-oprene rubber ^ 

30 (25 x 76 x 0.25 mm) were c ^ KMOnt ,„ 

lCT ep htoto «. and l*?^Z+;Z* -0 toom temperature, aod 
. uiuasonic b„h. dned ». ™ C f « Exampk 6 . E «ess 

ASTM 0-3359. Each coating was scored (scratched) as .» Example 
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Adhesive tape was pressed against .he scored coarings The up, was 
removed and Ihe coarings were examined. No removal ofTFE/HFP 
opolvme, film from Ore srrips occuteed. The strips w,th 
were placed in boiling ware, tor 1 hr, dren were amoved from rhe water. 
5 Z a, 70-C for 1 hr. and cooled ,0 room remperarure. Adnesrve rape 
was again pressed .gains, the scored codings and *- -^J* 
removal of polymer frlm from me srrips occumtd. Thus, the coarmgs were 
ZJy adhered >o m. polymer strips and resisred me aeon of bodmg 



10 



water. 



This example illustrates utility of the amorphous TFE/HFP 
copolymer of this invention as a processing aid. The inside surface at a 
Z Z 0.375 inch (0.4 x 9.5 mm, inside diameter x length) tungsten 
carbide capillary die having a 90° entrance angle was coated w,th 
; dispersion C prepared in Example 6. The coatmg was dned at 220 C for 2 
h A linear low density polyethylene resin hav,ng melt mdex of g"0 
min (GRSN 7047, Union Carbide) and containmg 2.5 wt% ol col lo.dal 
X ?o act I an abrasive was extruded through the coated cap.llary d.e. 
and through a control capillary die that had not been coated, usmg an 
D n^rCapiHarv Rhcome.er at a temperature of 220°C an at a shear rate 
of sTsec'. When the polyethylene .as extruded through the control 
c pi ^ the Shear stress required was 4.5 x |0> Pa and the surface of the 
exm-dai was rough and distorted due to melt fracture. When the 

5 conditions. Ihe shear stress required dropped toZ.5* to r j 

Tr, up and me surface of the extrudat. was smooth and undrs o™^ The 
'Z La slowly rose, over a period of about 

- drc copo,ymer coating f^^J^Z^ 
reached a level greater than 3 x 10* Pa, tne suna CODolvmcr 

coating acico Addition of a low concentration of the 

extrusion without melt fracture at reduced shear stress. 

35 T*e reactor of Example 1 was charged with 48.0 pans of 

demoralized water. The reactor was heated to 65*C. evacuated, purged 
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with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in 0:079 pan of chloroform and a solution of 022 part of 
perfluorohexyl ethane sulfonic acid surfactant in water ( 1 .7 parts). The 
solution was rinsed into the reactor with another 0.88 part of water. Thus, 
5 the surfactant concentration was approximately 0.010 mol/L, ..e., above 
the critical micelle concentration (about 0.003 mol/L). The reactor was 
then sealed, agitation was begun at 42 rpm, and the reactor temperate 
was raised to 103°C. After the temperature had become steady at 103 C, 
HFP was added slowlv to the reactor until the pressure was 350 psig 
10 (2.5 MPa). The pressure in the reactor was then increased to 600 psig 
(4 2 MPa) bv the addition of TFE. and then 0.43 part of P erfluoro(ethy. 
vinyl ether) (PEVE) was pumped into the reactor at a rate of 
0 165 part/min. Then 1.10 parts of a freshly prepared aqueous initiator 
solution containing 0.4 wt% of APS were pumped into the reactor at 
,5 0.11 part/min. Thereafter, the same initiator solunon was pumped mto the 
reactor at 0.0066 part/min for the remainder of the polymenzation. After. 
poTymeLion ha'd begun as indicated by a 10 psig (0.07 MPa) drop m 
reactor pressure, additional TFE was added to the reactor to mamtam 
pressure constant at 600 psig. The agitator speed was used to control TFE 
20 mass transfer into the aqueous phase so that the TFE addition rate was 
about 0.1 part/min. The average agitator speed requ.red to maintam the 
target TFE transfer rate was 33.6 rpm. When a total of 18* parts of TFE 
hTdleen added to the reactor after kickoff (180 min). the TFE feed was 
stopped. When the reactor contents had cooled to 90'C. imttator pumping 
,5 and Tgitation were stopped and the reactor was ven«d After venting to 
nearly atmospheric pressure, the reactor was purged 
remove residual monomer. The dispersion was then d.scharged from the 
Z o and saved. Solids content was 3 1.5 w1 % and RDPS was 0.094 ,m. 
A portion of the dispersion was poured into a plastic bottle^ which was 
30 men placed in a freezer at -20°C overnight. The bottle of dispersion was 
* en mawed ou, in a bucket of warm water and the polymer phase which 
separated was col.ected on a ftlter. The filtrate liquid was found to 
contain only O.O90/0 solids. The polymer was washed on the filter * ee 
times with a volume of demineralized water equivalent to 75 /. of the 
35 original dispersion ponion volume and then was washed three times w,th 
similaramountsofisopropylalcohol. Much of each wash hqmdws 
removed by application of a vacuum to the bonom of the filter. The 
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pcr/uswoi* 83 
t l50°C The dried 

5 A r r« f« - *< ,oui -t 

ndicatin? ! 5U ,Lan, "n-"-"**^, ,,.5 >*% «* 
** MnC o"C « -* «. - * 

50 O P^. the surfactant was ^ 40 ^ throug ^ 
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50 0 pans- the surfactant at 40 rpm tnrou*. ~ ^ 

n d le as^tor 0.009 , ^ ^ 

surfactant cone*""" * 0.003 «oVL> J* ^ soUos 

critical micelle concentr* 0 ^ d 3 

* ck off*es90n«r . There Aponio nof^spe^on ^ 

and had RDP* of 0.139 ^ proceourc of Ex P ufty . 

essentially to the only 0 JL4* ^ an HFPl of 

muate foundj ^ &n MV 0 , csuUs 

crystalline TFE copo^m q{ ^ of 2 sJU, ^ 

show that the P ol y mC c critical «"ceue 
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pumping rate was 0.018 part/min after the first 12 min of pumping at 
0 055 part/min. Thus, the surfactant concentration was approximately 
0 0026 mol/L. i.e.. sliehtlv below the critical micelle concentration. The 
reaction time after kickoff was 111 min. The resultant dispersion 
5 contained 30.7 wt% solids and had RDPS of 0.142 urn. The dried TFE 
copolymer resin had anMV of 16 x 10 4 Pa s. an HFPI of 3.54, and a T m 
of 257°C with heat of fusion of 24.9 J/g. 

Exntnnlt 11 

The reactor used in Example 2 was charged with 4.85 part^of 
10 demoralized water. 0.012 pans of Surilon® SI 1 1 (0.0051 mol/L), and 
0 0066 part of concentrated ammonium hydroxide. After pressure-testing 
the reactor at 80 8 C with 300 psig (2.2 MPa) nitrogen, the reactor was 
cooled to 30°C and it was then alternately evacuated and purged w»th 
TFE three times. The reactor was then left under a vacuum. Ethane was 
1 5 then fed to the reactor until the pressure rose by 1 0 Pa. The reactor was 
then sealed, agitation was begun at 1 10 rpm. and the reactor temperature 
was raised to 80°C. The reactor was pressured to 300 psig with TFE and 
then 0.074 pan of PPVE) was pumped into the reactor. Five minutes after 
completion of PPVE addition. 0.66 part of an aqueous solution of 
20 0 25 wt% percent APS was pumped into the reactor at 0.066 part/min. 
Thereafter, an aqueous solution of 0.10 wt% APS was pumped to the 
reactor at 0.0022 pan/min for the remainder of the polymerization. After 
polvmerization had begun. PPVE was added to the reactor at a rate of 
0 00047 pan/min for the remainder of the polymerization. The reactor 
25 pressure was maintained at 300 psig by the addition of TFE and the 
agitator speed was varied to control the reaction rate so that the TFE 
addition rate was 0.014 part/min. After 1.96 parts of TFE had been added 
after the initial pressureup. the TFE, PPVE. and initiator feeds were 
stopped and full cooling was applied to the reactor. The agitator was 
30 turned offand the reactor was vented. When the pressure had dropped to 
1-2 psig (0.11-0.12 MPa), nitrogen was added to the reactor to give a 
slow pressure rise. When the pressure reached 5 psig (0.14 MPa). the 
vacuum was applied for one minute while maintaining the nitrogen purge. 
The dispersion was then discharged from the reactor and saved. Solids 
35 content was 26.6 wt% and RDPS was 0.1 14 um. The average agitator 
speed during polvmerization was 99.2 rpm. A ponion of the dispersion 
was subjected essentially to the freeze-thaw isolation procedure of 
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Exanspl. 9. .,..p, .ha. *. alcohol w ash was ominad. The f.to.c liquid 
was found to conuin only 0.03% solids whi.h .ons, S ..d of poly™, 
retidual surfacum. and inUia.n, sate. Th. dried pan.ally-^sulhne WE 
™ yL^in nad an MV of 1.4 * 10 2 Pna. a T. of 308-C wnhhca, of 
5 LTon of 45 2 3/g, and comainad 4.03 w.% PPVE. Th«. rasuta show 
d», ft. polym.riza.ion panes* of to invanuon, 
laenuati^ abova m. ari.ical mia.ll. co„..mr»..on, y..lds a pan,»lly- 
c "sX no„-.las.om«i. p.lyn,« having h i8 h.r PPVE .ncon-o-non. 

See Comparative Example E. 

f ftpiparfltiv f F,«» m P' c E 
The procedure of Example 1 1 was essentially repeated 
except that the amount of Surflon® SI 1 1 was only 0.0049 part. 
ZpondingtoaconcentrationofO.002. mol/L. ^^JJ-J^ 
speed was 101.9rpm. The resulting dispersion contamed 26.8 w,/.s^ 
and had RDPS of 0.140 urn. The dried TFE copolymer ^resm had an MV 
of 1 .6 x 102 Pa . s . a T m of 309'C with heat of fusion of 40.7 J/g. and 
contained 3.47 wt%PPVE. 
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£XA1U f 1 A uniform amorous copoiymcr comprising <°P« d 

5 Ml% TCZno-U- °f Claim .. wnerein ..ft- .»% 
„f sain — « * ** ^ m 

"""l ^^hoosoopolymorofCWm !. said copoiymar having 

^o^ymariL - or a, U- « «— ^ 

transition temperature is at least about 1 25'C 

8 The amorphous copolymer of Claim 5, wn 

transition temperature is at least aboul .35<>C. ^ 

9. The amorphous copolymer of Claim 
comonomer is fluorovinylether. sai(J 

10. The amorphous copolymer of Claim , 10. 
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oro(ethyl vinyl ether), ano V^^T copolymer of Claim 
30 H. An aqueous dispersion of the amorpnou y 

1 ' 4 or 6 ' „u„ 5 cooolvmer of Claim 1 in a highly 

12. A solution of the amorphous copoiyme 
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floated soWen. lcuafluoroc thy,ene polymer resin from 

13. A process to on polymerization, comprising 

aqueous dispersion produced by f ^° en P (lispersio , ^en thawing said 
f,rst freezing said dispersion to form frozen P 
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frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 

14 The process of Claim 13, wherein said liquid is removed from 
said polymer resin immediately after said frozen dispersion becomes said 
5 thawed frozen dispersion. 

1 5. The process of Claim 13, wherein said liquid is removed 
simultaneously with said thawing and with washing of said resin. 

16 The process of Claim 13, wherein said freezing is done by 
rotating a chilled roll in said dispersion to form a layer of said frozen 
10 dispersion on the surface of said roll, and wherein said layer is scraped 
from said surface of said roll before said surface re-enters said dispersion. 

17. A coated article, comprising a substrate coated with a coating, 
wherein said coating comprises uniform, amorphous copolymer of 
tetrafluoroethylene and hexafluoropropylene containing up to 29 mol% of 

15 hexafluoropropylene. 

18. The coated article of Claim 17. wherein said substrate is metal 

and said article is a wire. 

19. The coated article of Claim 17. wherein said article is a mold 



20 



for rubber or plastic parts. 

20. The coated article of Claim 17. wherein said article is an 



optical element. 

21. The coated article of Claim 17, wherein said article is a 
semiconductor, a semiconductor device, or semiconductor assembly. 

22. The coated article of Claim 17. wherein said article is an 

25 electronic device or electronic assembly. 

23 A process comprising batch polymerizing at least two 

fluoromonomers in an aqueous medium containing surfactant to produce 
an aqueous dispersion of melt-fabricable partially-crystalline 
fluoropolymer containing units derived from said fluoromonomers. sa.d 
30 surfactant being present in a concentration that is at least 1 .2 t.mes the 
critical micelle concentration of said surfactant. 

24 The process of Claim 23. wherein said fluoropolymer is a 
copolymer of tetrafluoroethylene with at least one comonomer selected 
from the group consisting of fluoroolef.n having from 3 to 8 carbon 

35 atoms, fluorovinvlether. and functional fluorovinylether. 

■>S The process of Claim 23 and in addition isolating sa.d 
fluoropolvmer resin from said aqueous dispersion by a process comprising 
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first freezing said dispersion to form frozen dispersion, then thawing sa. 
frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 
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